The inhibition effect of two synthesized isatin compounds namely 1-morpholinomethyl-3-(1-N-dithiooxamide)iminoisatin [MMTOI] and 1-diphenylaminomethyl-3-(1-N-dithiooxamide)iminoisatin [PAMTOI] on the corrosion inhibition of N80 steel in 15% HCl solution was studied by polarization, EIS and weight loss measurements. It was found that both the inhibitors were effective and their inhibition efficiency was significantly increased with increasing concentration. Polarization curves revealed that the used inhibitors represent mixed-type inhibitors. Adsorption of these inhibitors led to a reduction in the double layer capacitance and an increase in the charge transfer resistance, and was found also to obey Langmuir isotherm.
Introduction
N80 steel is widely used as a construction material for pipe work in the oil and gas production such as down hole tubular, flow lines and transmission pipelines in petroleum industry. Mineral acids particularly hydrochloric acid are frequently used in industrial processes involving acid cleaning, acid pickling, acid descaling, and oil well acidizing [1] [2] [3] . In petroleum industry, 15% HCl is commonly used for acidizing treatment because it leaves no insoluble products after the treatment and is found to be commercially available and cheap but adversely at the same time it severely attacks the metal casings and tubular of oil well during the acidizing process. Therefore, protective measures should be required to prevent the metal loss due to corrosion by using chemical and other means. Due to aggressiveness of acids, inhibitors are often used to reduce the rate of dissolution of metals. Most of the well-known acid inhibitors are organic compounds containing nitrogen, oxygen and/or sulfur atoms, heterocyclic compounds and pielectrons [4] [5] [6] [7] . The polar function is usually regarded as the reaction center for the establishment of the adsorption process [8] . It is generally accepted that organic molecules inhibit corrosion via adsorption at the metal-solution interface [9, 10] , resulting adsorption layer function as a barrier and isolating the metal from the corrosion [11] . Some Mannich bases have been reported as efficient corrosion inhibitors [12, 13] and the literature available to date about the Mannich bases used as corrosion inhibitors is limited. Any research work has not been encountered in the literature to date about the application of the synthesized Mannich bases namely 1-morpholinomethyl-3(1-N-dithiooxamide)iminoisatin [MMTOI] and 1-diphenylaminomethyl-3-(1-N-dithiooxamide)iminoisatin [PAMTOI] as corrosion inhibitors for N80 steel corrosion in 15% HCl solutions.
With a view to find out better corrosion inhibitors, isatin compounds namely 1-morpholinomethyl-3-(1-N-dithiooxamide)iminoisatin [MMTOI] and 1-diphenylaminomethyl-3-(1-N-dithiooxamide)iminoisatin [PAMTOI] have been synthesized and their inhibitive properties for oil-well tubular steel (N80) in 15% HCl solution have been studied.
Materials and methods

Materials
The working electrode and specimens for weight loss experiments were prepared from oil-well N80 steel sheets having the following percentage by weight (%wt) composition: C: 0.31,Mn: 0.92,Si: 0.19,P: 0.01,S: 0.008,Cr: 0.20,Fe: Remainder
Weight loss measurements
The specimens for the weight loss experiments were of the size 3 cm · 3 cm · 0.1 cm and for electrochemical studies the size of the electrodes was 1 cm · 1 cm · 0.1 cm with a 4 cm long tag for electrochemical contact. Both sides of the specimens were exposed for both the techniques. The specimens were mechanically polished successively with 1/0, 2/0, 3/0 and 4/0 grade emery papers. After polishing with the paper of each grade, the surface was thoroughly washed with soap, running tap water, distilled water and finally degreased with acetone. The samples were dried and stored in a vacuum desiccator before immersing in the test solution. For weight loss experiments 300 mL of 15% hydrochloric acid was taken in 500 mL glass beakers with lids. The inhibition efficiencies (%IE) were evaluated after a pre-optimized time interval of 6 h using 20, 50, 100, 150 and 200 ppm of inhibitors. The specimens were removed from the electrolyte, washed thoroughly with distilled water, dried and weighed. The inhibition efficiencies were evaluated using the following formula:
where W is the weight loss in the absence of inhibitor; and W i, the weight loss in the presence of inhibitor.
Electrochemical polarization studies
The electrochemical experiments were carried out in a three necked glass assembly containing 150 mL of the electrolyte with different concentrations of inhibitors (from 10 ppm to 150 ppm by weight) dissolved in it. The potentiodynamic polarization studies were carried out with N80 steel strips having an exposed area of 1 cm 2 . A conventional three electrode cell consisting of N80 steel as working electrode, platinum as counter electrode and a saturated calomel electrode as reference electrode were used. Polarization studies were carried out using VoltaLab 10 electrochemical analyzer and data was analyzed using Voltamaster 4.0 software. The potential sweep rate was 10 mV s À1 . All experiments were performed at 25 ± 0.2°C in an electronically controlled air thermostat. For calculating %IE by electrochemical polarization method, the following formula was used:
where I 0 is the corrosion current in the absence of inhibitor and I inh is the corrosion current in the presence of inhibitor.
AC Impedance studies
AC impedance studies were carried out in a three electrode cell assembly using computer controlled VoltaLab 10 electrochemical analyzer, as well as N80 steel as the working electrode, platinum as counter electrode and saturated calomel as reference electrode. The data were analyzed using Voltamaster 4.0 software. The electrochemical impedance spectra (EIS) were acquired in the frequency range from 10 kHz to 1 mHz at the rest potential by applying 5 mV sine wave AC voltage. The charge transfer resistance (R ct ) and double layer capacitance (C dl ) were determined from Nyquist plots. The inhibition efficiencies were calculated from charge transfer resistance values by using the following formula:
where R ct is the charge transfer resistance in the absence of inhibitor; and R ct(inh) is the charge transfer resistance in the presence of inhibitor.
Synthesis of inhibitors
The Isatin Mannich bases namely 1-morpholinomethyl-3(1-N-dithiooxamide)iminoisatin [MMTOI] and 1-diphenylaminomethyl-3-(1-N-dithiooxamide)iminoisatin [PAMTOI] were synthesized by the reported method [14] . Isatin and dithiooxamide in 1:1 M ratio were refluxed in ethanol for 8 h, cooled and the precipitate was filtered. This product was subsequently treated with formaldehyde and morpholine or diphenylamine to get the desired product. The name and molecular structure of studied compounds were given as Scheme 1.
Results
Weight loss study
Weight loss studies were performed in accordance with ASTM method. Test were conducted in 15% HCl solution for 6 h at 298 K with different concentrations of inhibitors (20-200 ppm) , temperatures (298-333 K) and exposure period (6-24 h).
Effect of concentration
Both the inhibitors were tested for 6 h exposure period at different concentrations and their corresponding weight loss data are presented in Table 1 . Both compounds inhibit the corrosion. The compounds PAMTOI and MMTOI have the maximum of 91.23% and 84.33% inhibition efficiency respectively ( Fig. 1 ) at 200 ppm concentration. The corrosion rate decreased considerably with an increase in concentration of each inhibitor and reached the maximum value in the range of 200 ppm concentrations (Fig. 2 ). The optimum concentration of inhibitors was evaluated based on their inhibition efficiency. The extent of inhibition of corrosion was found to depend on the nature and concentration of the inhibitor.
Effect of exposure period
The variation of the inhibition efficiency for PAMTOI and MMTOI at optimum concentration (200 ppm) with immersion time is shown in Fig. 3 . The corrosion parameters such as weight loss, corrosion rate and corrosion inhibition efficiencies obtained for PAMTOI and MMTOI at optimum concentration (200 ppm) and different exposure periods (6-24 h) are shown in Table 2 . It is clear from the Fig. 3 that inhibition efficiency of PAMTOI and MMTOI decreases with increase in exposure time (6-24 h) at 25 ± 1°C. The maximum inhibition efficiency offered by PAMTOI and MMTOI at 24 h exposure period with optimum concentration were 77.20%, and 63.51% respectively. Figure 1 Variation of inhibition efficiency with concentration in presence of PAMTOI and MMTOI.
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PAMTOI MMTOI Figure 2 Variation of corrosion rate with concentration in presence of PAMTOI and MMTOI. Fig. 4 shows the variation of corrosion rate (mmpy) with exposure time in the presence and absence of PAMTOI and MMTOI. The weight loss enhances with increasing exposure time for PAMTOI and MMTOI (Fig. 4 ). The corrosion rate values were much less (PAMTOI; 1.07 mmpy MMTOI; 1.70 mmpy, at 24 h exposure) compared to that of free acid (4.68 mmpy) throughout the testing duration.
Effect of temperature
The effect of temperature on the performance of PAMTOI and MMTOI as corrosion inhibitors for N80 steel in 15% HCl was investigated by weight loss measurements in the temperature range 298-333 K in the absence and presence of both the inhibitors at optimum concentration in a thermostat. The variation of inhibition efficiency and corrosion rate with temperature are shown in Figs. 5 and 6 respectively. Table 3 shows values of corrosion rate (CR) and inhibition efficiency (IE%) obtained from weight loss measurements at different temperatures for both the inhibitors. The tested inhibitors PAMTOI and MMTOI at optimum concentration were found to impart inhibition efficiency 76.36%, and 68.89% at 333 K temperature respectively ( Table 3 ).
The observation depicts that rate of corrosion increases with increase in temperature ( Fig. 6 ). It may be due to the higher rate of desorption process of the adsorbed inhibitors at the higher temperature. This may be due to the fact that at higher temperature the metal organic complex layer dissociates leaving a porous diffused film, which is responsible for corrosion [15] . 
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MMTOI PAMTOI Blank Figure 6 Variation of corrosion rate with temperature in absence and presence of PAMTOI and MMTOI.
Adsorption isotherms
Adsorption isotherms are often used to demonstrate the performance of inhibitors and are important in determining the mechanisms of corrosion inhibition process. The most frequently used adsorption isotherms are Langmuir, Temkin and Frumkin isotherms which describes relation between surface coverage h and concentration of inhibitors. To determine the adsorption mode, various isotherm were tested and Langmuir and Temkin adsorption isotherms were found to be best, which gives a straight line graph for the plot of log (h/1-h) and h verses logarithmic concentration of inhibitors respectively (Figs. 7 and 8).
Kinetic study
The values of apparent activation energy (E a ) for PAMTOI and MMTOI were calculated from Arrhenius slope ( Fig. 9 ). The E a values for PAMTOI and MMTOI were found to be 61.46 kJ/ mol, 50.03 kJ/mol respectively (Table 4) , which are higher than the E a value for blank solution (38.38 kJ/mol). The relationship between log (k/T) and 1/T were shown in Fig. 10 . Straight lines are obtained with a slope (ÀDH * /2.303R) and an intercept of [log(R/Nh) + (DS * /2.303R)], from which the value of enthalpy of activation (DH * ) and entropy of activation (DS * ) were calculated and presented in Table 4 . The DH * values for PAMTOI and MMTOI were found to be as À58.74 kJ/mol and À51.64 kJ/mol respectively, revealed the exothermic nature of corrosion reaction. DS * values were found to be À49.42 J/ mol, and À68.62 J/mol for PAMTOI and MMTOI respectively ( Table 4 ). The values of free energy of adsorption (DG ads ) for PAMTOI and MMTOI were calculated from the slope of the log K equ vs 1/T ( Fig. 11 ). DG ads values were found to be À38.15 kJ/mol and À34.11 kJ/mol respectively (Table 4) indicating the spontaneity of the adsorption process at the surface of N80 steel. Values of DG ads around À20 kJ/mol or lower are consistent with the electrostatic interaction between charged organic molecules and the charged metal surface (physisorption); those around À40 kJ/mol or higher involve charge sharing or transfer from the organic molecules to the metal surface to form a co-ordinate type of bond (chemisorptions). The values of DG ads for PAMTOI and MMTOI was found to be À38.15 kJ/mol and À34.11 kJ/mol which is less than À40 kJ/ mol indicated that in addition to electrostatic interaction, there may be some other interactions [16] . Lebrini et al. [17] studied some triazole derivatives as corrosion inhibitors of mild steel in 1 M HClO 4 . The Gibbs free energy of adsorption of these molecules were reported to be around À34 kJ/mol. They concluded that the adsorption mechanism of these molecules on steel involved two types of interactions, chemisorptions and physisorption. Similar conclusion was found by Ozcan [18] , who studied the use of cystine as a corrosion inhibitor on mild steel in sulfuric acid. Thus, adsorption of studied inhibitors at the surface of N80 steel is not pure physisorption but it is combination of physisorption as well as chemisorptions.
Potentiodynamic polarization study
Figs. 12 and 13 shows the polarization curves of N80 steel in15% HCl solution in the absence and presence of different concentrations (20,100 and 200 ppm) of inhibitors PAMTOI and MMTOI respectively. The nature of the polarization curves remain almost same in the absence and the presence of both the inhibitors but in the presence of inhibitors the curves shifted toward the lower current density as compared to the blank. The shift in current density toward lower current density in the presence of inhibitors increases on increasing the concentration of the inhibitors. The electrochemical corrosion parameters including corrosion current densities (I corr ), corrosion potential (E corr ), cathodic Tafel slope (b c ), anodic Tafel slope (b a ), and inhibition efficiency (IE%) obtained from the polarization curves of PAMTOI and MMTOI are presented in Table 5 . It is clear from the Figs. 12 and 13 that with the increase of inhibitors concentration both anodic and cathodic Figure 13 Potentiodynamic polarization curves for N80 Steel in 15% HCl in absence and presence of MMTOI.
currents were inhibited, but the reduction of the cathodic currents were more significant than that of the anodic currents. The I corr values for the PAMTOI and MMTOI at 200 ppm concentration, were found to be 36.82 lA/cm 2 and 63.88 lA/ cm 2 respectively (Table 5) which are significantly lower than 471.46 lA/cm 2 found for the N80 steel in free acid. It is apparent from Table 5 that I corr decreases considerably in the presence of both the inhibitors and IE% increases with the increase in the inhibitor concentration, due to the increase in the blocked fraction of the electrode surface by adsorption. The value of anodic and cathodic Tafel slopes increases in the presence of both the inhibitors as compared to the blank solution. A minor shift in E corr values toward the negative direction was obtained in the presence of both the inhibitors, indicating mixed nature of the inhibitors.
Electrochemical impedance spectroscopy
Nyquist plots of N80 steel in 15% HCl in the presence and absence of different concentrations (20,100 and 200 ppm) of PAMTOI and MMTOI at 25 ± 1°C are shown in Figs. 15 and 16. All the Nyquist plots obtained were semicircle in nature and the diameter of the semicircles increases with increasing the inhibitor concentration and shape is maintained throughout the tested concentration, indicating that almost no change in the corrosion mechanism occurs due to inhibitor action.
The electrochemical parameters (R ct , C dl and IE%) calculated from the Nyquist plots by using the Equivalent circuit ( Fig. 14) in the presence and absence of inhibitors are presented in Table 6 . Inspection of Table 6 reveals that R ct values increase prominently while C dl values tend to reduce with the increase in concentration of inhibitors. The R ct values of PAMTOI and MMTOI at 200 ppm was found 1825.04 Ocm 2 and 980.52 Ocm 2 respectively and the C dl values were 79.5 lF cm À2 and 190.5 lF cm À2 respectively ( Figs. 15 and  16 ).
SEM study of metal surface product
SEM microphotographs ( Fig. 17A-D) of the film formed on the metal surface at 1000· magnifications were studied to analyze the change in the morphology of the metal surface after corrosion tests in the presence and absence of the inhibitors. Fig. 17(A) shows the SEM of polished sample (magnification 1000·). Fig. 17(B) shows the SEM microphotographs of N80 steel (magnification 1000·) when exposed to 15% HCl solution at room temperature in the absence of inhibitors. Fig. 17C and D are the microphotographs of the metal surface when ex- posed to the acid medium in the presence of PAMTOI and MMTOI respectively at the same magnifications.
Discussion
The experimental results in (Table 1) reveal that PAMTOI and MMTOI impart maximum inhibition efficiency of 91.23% and 84.33% respectively at 200 ppm. The Inhibition efficiency offered by PAMTOI and MMTOI increases on increasing their concentration indicating adsorption of inhibitors increase as concentration increases resulting in reduction of corrosion rate. The adsorption isotherm experiments were performed to have more insights into the mechanism of corrosion inhibition, since it describes the molecular interaction of the inhibitor molecule with the active sites on the N80 steel surface [19] . The degree of surface coverage (h) for inhibitors was obtained from average weight loss data. Langmuir, Temkin, and Frumkin adsorption isotherms were tested in order to find the best suitable adsorption isotherm for adsorption of PAMTOI and MMTOI on the surface of N80 steel from 15% HCl solution.
The surface coverage data of PAMTOI and MMTOI show that both the inhibitors followed Langmuir as well as Temkin adsorption isotherm indicating that adsorption is the root cause of corrosion inhibition. The inhibition of corrosion of metals by organic inhibitors is usually attributed to either the adsorption of the inhibitor molecules or/and the formation of barrier layer of insoluble metal complexes. The inhibition efficiency gradually decreased with the exposure period (Table 2) for both inhibitors which may be due to partial desorption of inhibitor molecule from the metal surface [20] . The corrosion rate for steel in 15% HCl in the presence of both inhibitors was found to increase with increase in exposure time. The corrosion rate was found to increase with increase in temperature (Fig. 6) in the absence and in the presence of both inhibitors used, however the corrosion rates were low in the presence of inhibitors compared to that of blank solution.
The values of apparent activation energy (E a ) in the inhibited solution were found to be higher as compared to that in the blank acid. The value of E a for PAMTOI and MMTOI was found to be 61.46 kJ/mol, and 50.03 kJ/mol respectively. The values of free energy of adsorption at 200 ppm of PAM-TOI and MMTOI were found to be, À38.15 kJ/mol and À34.11 kJ/mol respectively. The negative values of DG ads , are consistent with the spontaneity of the adsorption process and the stability of the adsorbed layer on the N80 steel surface. Generally, the energy values of À20 kJ/mol or less negative are associated with an electrostatic interaction between charged molecules and charged metal surface, physisorption; those of À40 kJ/mol or more negative involve charge sharing or transfer from the inhibitor molecules to the metal surface to form a coordinate covalent bond, chemisorptions [21] . In the present study, the DG ads value obtained for both inhibitors on N80 steel in 15% HCl solution was higher than À20 kJ/mol but less than À40 kJ/mol (Table 4 ), this indicates that the adsorption is neither typical physisorption nor typical chemisorptions but it is complex mixed type that is the adsorption of inhibitor molecules on the N80 steel surface in present study involves both physisorption and chemisorptions. The values of entropy of activation (DS * ) for PAMTOI and MMTOI were found to be À49.42 J/mol and À68.62 J/mol respectively ( Table 4 ). The negative values of DS * obtained in the inhibited and uninhibited solutions suggest that the activated complex is the stage that determines the corrosion rate [22] . The negative values of the entropy change of activation (DS * ) for PAM-TOI and MMTOI also imply that the activated complex in the rate determining step represents an association rather than a dissociation step, indicating that a decrease in disordering takes place on going from reactants to the activated complex [23] . This also indicated that the activated complex were in higher order state than at the initial state. The negative value of enthalpy change of activation (DH * ) reflects the exothermic nature of activation of corrosion process. It is clear from the polarization curves of PAMTOI and MMTOI ( Figs. 12 and 13 ) that with the increase of inhibitor concentrations both anodic and cathodic currents were inhibited, but the reduction of the cathodic currents were more significant than that of the anodic currents. This result suggests that the addition of both inhibitors reduce the anodic dissolution and also the hydrogen evolution reaction. The variation in the values of b a and b c in the presence of both the inhibitors may indicate that both the anodic and cathodic processes are controlled. The significant reduction in I corr at a higher concentration level (200 ppm) indicated a better inhibition performance. In 15% HCl solution, the presence of PAMTOI and MMTOI cause a minor negative shift in E corr , which indicates that inhibitor molecules are more adsorbed on the cathodic sites resulting in an inhibition of the cathodic reactions. Generally, if the displacement in E corr is >85 mV with respect to E corr in uninhibited solution, the inhibitor can be seen as a cathodic or anodic type [24, 25] . In our study the maximum displacement is 22.79 mV in PAMTOI and 5.3 mV in MMTOI, which indicates that both inhibitors can be arranged as a mixed type inhibitor. In the presence of PAMTOI and MMTOI, the slight change of both b a and b c in acid solutions indicates that the corrosion mechanism of N80 steel does not change. Furthermore, the inhibition efficiencies obtained from weight loss and electrochemical polarization curves are in good agreement.
In EIS study an increase in R ct value is observed with increasing the inhibitor concentration, suggesting that the charge transfer process is retarded due to decrease in the uncovered surface available for corrosion reaction. In this case higher is the inhibitor concentration, the lower is the associated corrosion rate. Due to the non-homogeneity or roughness of the metal surface the observed semicircles of capacitive loops was depressed into the Zi which is often referred to as frequency dispersion [26] . It is worth mentioning that the double layer capacitance (C dl ) value is affected by imperfections of the surface [27] . The C dl values were found to decrease with increase in concentration of inhibitor solutions. This behavior is generally seen for a system where inhibition occurred due to the formation of a surface film by the adsorption of inhibitor on the metal surface [28] . Decrease in C dl , which can result from a decrease in local dielectric constant and/or an increase in the thickness of the electrical double layer, suggest that the inhibitor molecules act by adsorption at the metal/solution interface [29] . Inhibition efficiencies obtained from weight loss, potentiodynamic polarization curves and EIS were found to be in good agreement. Fig. 17(B) shows the SEM microphotographs of N80 steel (magnification 1000·) when exposed to 15% HCl solution at room temperature in the absence of inhibitors, which shows that the steel surface appears to be very rough in the absence of inhibitors. This is due to the formation of uniform flake type corrosion products on the metal surface. No pitting and other separate phase are visible in microphotograph. Fig. 17 (C and D) are the microphotographs of the metal surface when exposed to the acid medium in the presence of PAMTOI and MMTOI respectively at the same magnifications. In comparison to the microphotograph of the steel surface without inhibitor with the photographs of the exposed surface in the presence of inhibitors are found to be covered with a semi globular type protective film of compounds uniformly spread over the surface. The protective film is formed due to adsorption of the inhibitor molecules on the steel surface.
It is well recognized that organic inhibitor molecules set up their inhibition action via the adsorption of the inhibitor molecules onto the metal/solution interface. The adsorption process is affected by the chemical structures of the inhibitors, the nature and charged surface of the metal and the distribution of charge over the whole inhibitor molecule. In general, owing to the complex nature of adsorption and inhibition of a given inhibitor, it is impossible for single adsorption mode between inhibitor and metal surface. Organic inhibitor molecules may be adsorbed on the metal surface in one or more of the following ways:
(a) electrostatic interaction between the charged molecules and the charged metal, (b) interaction of unshared electron pairs in the molecule with the metal, (c) interaction of p-electrons with the metal and/or (d) a combination of types (a-c) [30, 31] .
The inhibition efficiency afforded by [MMTOI] and [PAM-
TOI] may be attributed to the presence of electron rich N, S atoms and aromatic rings. One phenylimino group and one indoline ring is common in the structure of both the inhibitors. Therefore, the possible coordinating centers are unshared electron pair of sulfur of C‚S group, nitrogen of -NH 2 group, nitrogen of indoline ring, C‚N group and p-electrons of aromatic rings. The corrosion inhibition efficiency of the studied inhibitors follows the order:
The corrosion inhibition efficiency of PAMTOI is greater than MMTOI due to its larger size and the presence of more number of delocalized p-electrons of two phenyl rings. The nitrogen atom attached with two phenyl rings in PAMTOI may also take part in the adsorption process resulting in an increase in corrosion inhibition efficiency of PAMTOI.
In the aqueous acidic solutions, the [MMTOI] and [PAM-TOI] exist either as neutral molecules or in the form of protonated molecules (cations). These inhibitors may adsorb on the metal/acid solution interface by one and/or more of the following ways:
(i) electrostatic interaction of protonated inhibitors with already adsorbed chloride ions, (ii) donor-acceptor interactions between the p-electrons of aromatic ring and vacant d orbital of surface iron atoms, (iii) interaction between unshared electron pairs of heteroatoms and vacant d orbital of iron surface atoms.
Generally, two modes of adsorption could be considered. In the first mode, the neutral inhibitors may be adsorbed on the sur-face of N80 steel through the chemisorptions mechanism, involving the displacement of water molecules from the N80 steel surface and the sharing electrons between the hetero-atoms and iron. The inhibitor molecules can also adsorb on the N80 steel surface on the basis of donor-acceptor interactions between p-electrons of the aromatic ring and vacant d orbitals of surface iron. In the second mode, since it is well known that the steel surface bears positive charge in acid solution [32] , so it is difficult for the protonated inhibitors to approach the positively charged mild steel surface (H 3 O þ =metal interface) due to the electrostatic repulsion. Since chloride ions have a smaller degree of hydration, thus they could bring excess negative charges in the vicinity of the interface and favor more adsorption of the positively charged inhibitor molecules, the protonated inhibitors adsorb through electrostatic interactions between the positively charged molecules and the negatively charged metal surface. Thus there is a synergism between adsorbed Cl À ions and protonated inhibitors. Experimental data reveal that IE% inhibitors are in the order PAMTOI > MMTOI. This order of performance is best explained in terms of the size of the inhibitors. Both the inhibitors have the same number of active centers but size of PAMTOI is larger than MMTOI so the inhibition efficiency of PAMTOI is greater than MMTOI.
Conclusions
1. PAMTOI and MMTOI both act as good inhibitors for corrosion of N80 steel in 15% HCl solution and the maximum inhibition efficiency is about 91.23% for PAMTOI and 84.33% for MMTOI at 200 ppm for 6 h duration at 298 ± 1 K. The inhibition efficiency values increases with the inhibitors concentration, but decreases with increasing exposure time and temperature for corrosion of N80 steel in 15% HCl. 2. The adsorption of PAMTOI and MMTOI on N80 steel surface obeys Temkin as well as Langmuir adsorption isotherm. 3. The activation parameter study suggests physisorption as well as chemisorption for both inhibitors. The obtained values for activation energy, free energy and entropy show that the inhibitors are spontaneously adsorbed on the metal surface by weak chemisorptions. 4. Variation in the values of b a and b c (Tafel slopes) and negative shift in the values of corrosion potential (E corr ) indicate that both the tested inhibitors are mixed type but predominantly control the cathodic reactions. 5. EIS measurements show that charge transfer resistance(R ct ) increases and double layer capacitance(C dl ) decreases in the presence of inhibitors indicating the adsorption of the inhibitors at the surface of N80 steel. 6. The SEM microphotographs show that the introduction of PAMTOI and MMTOI in 15% HCl solution results in the formation of a film on the N80 steel surface, which decreases the steel surface roughness and effectively protects the steel surface from corrosion. The SEM microphotographs obtained in the presence of the inhibitors reveal the presence of inhibitor film on the metal surface.
